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INTRODUCTION 
Powdery mildew of barley, Eryalphe gramlnla herdel (DO) 
Marcbal occurs to some extent In moat of the barley growing 
regions of the world. In aome areas thla disease causes 
considerable damage. In the annual reports of the Canadian 
Plant Disease Survey (15) mildew has been reported as severe 
on barley In the Guelph area of Ontario, Canada every year 
from 1942 to 1948. 
At the present time there are no commercial varieties of 
barley that combine mildew resistance and adaptability to 
Ontario conditions. There are, however, adequate sources of 
resistance to all the physiologic races of barley mildew that 
have been described in Canada and the United States. A recent 
investigation on sources of resistance to E. graminls hordel 
has been reported by Newton and Cherewlck (46). 
Eplphytotics of E. aramlnis hordel apparently are not ao 
prevalent In the other provinces of Canada (15). One of the 
factors which may contribute to the ijeneral prevalence of this 
disease in Ontario is the growing of a small amount of winter 
barley which probably serves as an overwintering host for the 
fungus. The disease then spreads to the spring barley fields 
and reaches eplphytotic proportions practically every year. 
The Investigations reported in this study were undertaken 
to obtain Information on the effect of powdery mildew on 
various agronomic and chemical characters of barley when In­
fection occurred at different stages of plant development In 
the field* An attempt also was made to obtain Information on 
the effect of plant spaclne, In nurseries on mildew Infection. 
The common physiologic race of barley mildew In south­
western Ontario la race 9, In order to obtain Information 
concerning the mode of Inheritance of resistance to this 
race a study was made of the resistance Involved in crosses 
of susceptible varieties with five resistant strains. This 
information should be of value In a breeding program using 
these strains as sources of mildew resistance. 
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REVIEW OF PERTINENT LITERATURE 
Powdery mildew has been reported to have caused serious 
losses in cereals In many different parts of the world. Most 
of these reports of losses have been estimates based on 
observations. Chester (17) reports this disease has been 
attracting considerable attention in the fall-sown barley 
areas of the southeast and Pacific coast regions of the United 
States. In Germany and Denmark severe losses In spring barley 
have been reported by Pape and Rademacher (48). One of the 
reasons for the severity of this disease in that area is the 
increased amount of winter barley on which the fungus over­
winters. Many other reports emphasize the effect of this 
disease in reducing crop yields (29, 32, 39, 42). 
Further evidence of the importance of E. gramlnis horde! 
is indicated by the breeding programs for mildew resistance 
carried out in many of the barley growing areas of the world 
(3« 30, 34, 52). 
Data from controlled experiments on dusting barley with 
sulfur to prevent powdery mildew were obtained by Butler (13) 
in New York State during the years 1937, 1938 and 1939. The 
experimental method followed by Butler involved the dusting 
of strips in a field of barley with a cotton duster. Yield 
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data on dusted and non-dusted areas were obtained by cutting 
six samples from each replicate of each treatment. From the 
data obtained in these experiments, Butler (13) reported the 
reduction in yield of barley due to powdery mildew was 7 
percent in 1937, 10 percent in 1938 and 16 percent in 1939. 
The weight per bushel and kernel weight from the dusted plots 
were higher than those from the non-dusted plots in practi­
cally all cases* This indicates that at least some of the 
increased yields from the dusted plots were due to an increase 
in kennel weight. 
Since sulfur dust controls other plant pathogens such as 
leaf rust, Puccinia hordel Otth., and stem rust, Puccinia 
graminls Pers., it is difficult to determine the loss actually 
attributable to mildew. However in the above experiments, 
mildew was reported as the major disease in 1937 and in 1939 
since both rusts were present in very small amounts. The 
reductions in yield, therefore, were mainly due to natural 
epiphytotics of mildew. 
Further work on the effect of powdery mildew on the 
barley crop in New York State was conducted by Jensen (34) 
during the growing seasons of 1941 and 1942. Sulfur dust was 
also used in these experiments to control mildew but in con­
trast with Butler's design the plots were much smaller and 
the replications increased from four to eight. In these 
experiments the reduction in yield on the non-dusted plots 
In 1941 was 10* 15 and 19 percent^ on thrae suscoptlble 
varieties. In 1942 the yield losses were 29, 33, 38 and 42 
percent on four susceptlljle varieties. The heavier losses 
in 1942 were associated with more rainfall during the growing 
season and a greater supply of available nitrogen from the 
previous use of clover as a green manure crop. The data 
also show that mildew first appeared In the experiments 
approximately a week earlier in 1942 than in 1941. 
Neither in 1941 nor 1942 was stem ruat a factor In the 
experiments reported by Jensen (34). Leaf rust Infection was 
light in both years but was reported to be equally prevalent 
on dusted and check plots and therefore would have little 
differential effect on the results, other investigations, 
including those of Klghtllnger (37) Lambert and Stakman (38), 
Greaney (25, 26), Murphy (43), and Kewton et al*(47), have 
indicated that rusts can be controlled by the application of 
sulfur. 
As far as the writer could determine, there has been no 
published report of the effect of spacing barley plants on 
the degree of mildew Infestation. A review therefore will be 
made only of the effects of factors generally associated with 
the spacing of plants such as increased light, greater supply 
of available moisture and plant nutrients in the soil, as well 
as more air circulation resulting in a shorter period of time 
when the plants are surrounded by very humid conditions 
following rains and heavy dews. 
Cherewiok (16) found that a marked decrease in light 
intensity, such as that caused by an ice-covered greenhouse 
in winter, would result in weak infections of powdery mildew 
on susceptible barley plants. He also found that the per­
centage of mildew spores germinating during a 24-hour period 
in a moist chamber was 5 percent when produced in cloudy 
weather while the percentage was 64 when produced during 
bright weather. These results were obtained during December, 
A similar comparison in April showed very little effect of 
poor natxural light on the viability of spores, 
Cherewlck (16) also reported that when temperatures 
were controlled, there was no difference in the percentage 
of primary infection or the time of incubation of barley 
mildew under li^t conditions in April that varied from 
natural sunll^t to severe shading* 
The development of powdery mildew on cereals was noted 
by Volk (60) to be more rapid under the shading of one layer 
of gauze than under stronger shading or full sunlight. 
Cherewiok (16) found under controlled temperatures that the 
development of powdery mildew on wheat and barley in April 
was affected very little by shading with one- or two-ply 
oheeseoloth while shading with brown paper reduced the final 
infection by 50 percent. 
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There la a considerable amount of confllotlng evidence 
In the literature oonoemlng the effect of moisture condltiona 
on mildew development, Johnston> Fellows and Melohera (35) 
reported that In Kansas powdery mildew occurred on wheat only 
in wet seasons and on lodged areaa* This would indicate that 
higher moisture conditions favor the development of wheat 
mildew* On the other hand Butler (12) reported a verj severe 
eplphytotlo in England during the dry summer of 1921* Volk 
(60) and Yarwood (63) have indicated powdery mildew was more 
virulent on plants growing in soli with a relatively low 
moisture content. 
In working with sugar beets and the leaf spot diaeaae^ 
Cercoapora beticola Sacc., Nagel (45) and Vestal (59) found 
the incidence of this disease was much greater in closely 
spaced than in widely spaced plants. One of the reasons given 
for these results was the longer time the closely spaced 
plants were exposed to a saturated atmosphere. However, this 
organism requires a humidity of approximately 90 percent or 
higher for a considerable length of time for germination of 
conldla and Infection of the host plants. E. gramlnls horde! 
does not require such humid conditions for germination and 
infection as has been shown by Cherewick (16). 
Cherewlck (16) found very little difference in percent 
of Initial infection of powdery mildew on barley and wheat 
seedlings grown under moisture condltiona varying from 
near-wilting to that of pots placed in a pan of water in the 
moisture chamber. However, under the latter conditions 
secondary Infection was greatly reduced. Thus it would appear 
that protracted periods of 100 percent relative humidity 
together with very high soil moisture tend to retard the 
development of this disease. 
Perhaps the higher incidence of powdei^ mildew in low 
areas in regions of rather high summer temperatures such as 
those reported by Johnston, Fellows and Melchers (35) might 
be caused by lower temperatures rather than by increased 
humidity. The data of Cherev/ick (16) clearly show that high 
temperatures decrease the infection by mildew on barley. 
However, alternating the plants between temperatures of 
26.5°C during the day and 18°C during the night gave the 
highest infection of all the treatments used. Thus the 
unfavorable effects of high temperat\i3?e3 were offset by cool 
conditions at night. This might suggest a reason for greater 
mildew infestation in low areas in fields since such areas 
would be cooled to a greater degree by natural air drainage 
at night. 
The fact that spaced plants would have available a 
greater quantity of plant nutrients them plants in solid rows 
would 1-ead one to review the effects of the various nutrients 
on mildew development. Investigations by Splnks (54), 
Trealease and Trealease (57), and Honecker (30) indicate that 
increased nitrogen supply increased the susceptibility of 
barley and wheat to powdery mildew* These investigators also 
found that potassium increased resistance to mildew. Other 
investigators (18, 21, 36, 51) working with minor elements 
present conflicting data regarding the effects of these elements 
on mildew development. Cherewick (16) using 13 different 
chemicals at different rates and in various combinations found 
none of the treatments had any effect on the seedling reaction 
of barley and wheat to mildew. The effect of these chemicals 
on mildew Infestation as the plants developed was not deter­
mined. 
From these Investigations it would seem that several 
plant nutrients may have different effects on mildew develop­
ment under certain conditions. Further investigation in this 
respect is needed. 
The existence of physiologic apeciallzatlon within 
Errsiphe graminis DC was first pointed out by Marchal (41) In 
1902. He reported seven physiologic varieties Including the 
variety hordei which was pathogenic on species of Hordeum. 
Further specialization of this fungus was demonstrated by 
Salmon (51) in Europe and Reed (49) in the United States. I» 
1930 Mains and Diets (40) established the existence of five 
physiologic races of barley mildew obtained from Indiana, 
Wisconsin, Idaho and Iowa. Tldd (56) in 1937 added the 
variety Hells Hanna C.1.682 to the four differentials used by 
Mains and Diets and established the existence of two more 
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phyalologlc raoes of barley mildew. The further addition of 
the variety Chevron C.I.1111 to the differentials enabled 
Cherewiok (16) and Newton and Cherewick (46) to demonstrate 
the existence of five more physiologic races in North America 
In the Argentine two races of mildew have been reported 
by Pavret (22). These races have been termed Arg.l and Arg.2 
In Oermany Honecker (30) reported the isolation of nine 
physiologic races which were given the letters A to J ,  
excluding the letter I. Eight barley varieties were used as 
differentials in separating these races. 
One of the first investigations on the inheritance of 
resistance to Ei*yalphe ^ramlnis hordei was conducted in 
England by Biffin (4) in 1907 who found that resistance was 
inherited as a simple recessive in a cross between resistant 
Hordeium spontaneum and susceptible Hordeum hexasticofurcatum. 
Later Dietz (19) and Dietz and Murphy (20) found resistance 
to race 4 of mildew to be due to a simple recessive factor 
in a cross between Qoldfoil and four susceptible barley 
varieties. 
During the period 1935 to 1945 Briggs and his associates 
(6, 8, 9y 10, lly 55) in California have reported the 
results of extensive studies on the inheritance of resistance 
in 10 varieties to race 3 of barley mildew. The genotypes of 
these varieties with respect to mil3 ew resistance are shown 
in Table 1. Three of the genes shown in this table were 
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deflnltely placed In the linkage groups as designated by 
Robertson* et al»(60)« The genes Mlp and ml^j were assigned 
to linkage group II v?lth a crossover value of 16,38 percent 
Tf^lle the gene Mlg was found to belong to linkage group IV, 
Table 1, Qenes for resistance to race 3 of 
Eryslphe tqc^lnls hordel (After Stanford 
smd Brlggs (55) anl^ Pavret (23) • 
Variety Genotype for resistance 
H a n n a  - - - - - - - - - - - - -  M l f a M l h  
Ooldfoll MlgMlg 
Arlington Awnless ------- MlpMlpMlyMly 
C h l n e r m e  - - - - - - - - - - - -  MlpMlpMlyMly 
N l g r a t e  - - - - - - - -  MlpMlpMlyMly 
Algerian --- ---«- MlaMla 
S.P.I. 45492 - --- MlaMla 
K w a n  -  - -  - -  - -  - -  - -  - -  -  M l j j M l i c  
P a a k n o n  - - - - - - - - - - - -  MlpMlp 
D u p l e x  -  - -  - -  - -  - -  - -  - -  M l i i M l h M l p M l p m l { j m l < 5  
Monte Oristo ---------- MlmMlm 
Engledow India --------- MlmMlm 
West China ----------- ml^ml^ 
In studies also conducted In California Pavret (23) 
reported the varieties Monte Crlsto and Engledow India carry 
a dominant gene for resistance to race 3 of mildew. This gene 
has been designated Mln* It was found to be linked with one 
of the Nlgrate factors determined by Brlggs. In addition, 
Favret (23) found resistance In the variety Weat China to be 
due to a single recessive gene termed ml^. These genotypes 
also are Included In Table 1. 
!Fldd (56) found a sln^^le gene for resistance to race 6 
of mildew in a cross between resistant Nepal C.I.595, and 
susceptible Featherstone. Since Nepal is reported by Stanford 
and Brlgga (55) to be completely susceptible to race 3 the 
gene for resistance to race 6 in this variety must be dif­
ferent from any of the genes shown in Table 1. 
In crosses of resistant Gtoldfoll with two susceptible 
varieties Jensen (34) found resistance to race 4 of barley 
mildew to be dependent on a single gene. Susceptibility was 
reported as incompletely dominant. This la in contrast to 
the results of BrlgtiS (9) which show the Goldfoil gene for 
resistance to race 3 is completely dominant. This may Indi­
cate a differential gene action depending on the physiologic 
race of the fungus. It could also be the result of the 
independent action of separate genes giving specific resist­
ance to two mildew races. 
In the Argentine, Favret (22) reported inheritance 
studies on resistance to two races of barley mildew. Resist­
ance to both races in the variety Monte Crlsto C.I.1017 was 
found to be dependent on a single dominant gene. Vallega and 
Favret (58) also report resistance to race Arg.l in the 
variety Nigrate was due to a simple recessive gene, A com­
parison of these results with those indicated for the same 
varieties in Table 1 give further evidence of resistant 
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varieties showing differential dominance in the presence of 
different phyalologic races of barley mildew. 
In Germany, extensive investigations by Honecker {31) 
have been reported on resistance to nine physiologic races 
of barley mildew. Both dominant and recessive genes have 
been reported as well as six modifying genes which also 
included dominant and recessive types. These modifying genea 
when present in their effective form affected the degree of 
resistance, and the necrosis, chlorosis and flecking which 
often accompany the disease. 
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MATERIAIS AND METHODS 
Time of Infection Studies 
The experiment dealing with the effect of time of infec­
tion by Erysiphe graminia hordei on various characters of 
barley was carried out at the ontarlo Agricultural College, 
Guelph, Ontario, during the growing season of 1948« Since 
powdery mildew often does not appear in this area on barley 
until a rather advanced stage of plant development, the 
initial inoculum for this experiment was producec^ in the 
greenhouse on susceptible 0*A«C.21 barley grown in pots. 
Five varieties were used in the experiment. One of these 
strains, a*B*13, was resistant to powdery mildew while the 
other four, namely, 0.A»C.21, Montcalm, Galore, and G.B.7 
were susceptible. 
The above named varieties were subjected to mildew 
infection at the following periods of growth} seedling 
stage; late tillering stage} Jointing stage; flowering stage; 
and milk stage; in comparison with checks. The five varieties 
and six treatments make a total of 30 combinations. These 
were tested in a randomized complete block design with four 
replicates. The plots consisted of three rod rows 8 inches 
apart. Two border rows of mildew susceptible 0.A.C.21 barley 
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were placed between adjacent plots and at the borders of the 
experiment. These border rowa were inoculated with E. 
ffraainis hordei at the seedling stage. After the eatablish-
ment of mildew they served as a source of inoculum and also 
tended to reduce interplot competition in the experiment. 
When the plots had become well established, about two 
weeks after seeding, the mildewed plants from the greenhouse 
were shaken over the plots that were to be infected during 
the seedling stage and also over all border rows. Just prior 
to this inoculation the plants were lightly sprayed with water 
containing a small quantity of the detergent Orvus. This 
enabled more spores to stick to the leaves during the inoc­
ulation process. The Inoculation process was repeated twice 
daily until the appearance of the mildew mycelium indicated 
that infection had occurred* 
After the establishment of powdery mildew on the border 
rows no further artificial inoculations were made since the 
inoculum produced Uy these rows was considered sufficient to 
insure natural spread of the disease. 
A sulfiu* spray was used to keep mildew from certain 
plots until the appropriate time for infection. This spray 
consisted of 3 ounces of Mulsoid wettable sulfur, 3.5 grams of 
the detergent Orvus, end 3 imperial gallons of water. The 
plots were sprayed with a knapsack sprayer and the quantity 
of spray used on each plot was visibly indicated by a complete 
-16 
wetting of the leaves. A computation of the amount of sulfur 
applied on a per acre baaia showed that It varied from 5 to 
15 pounds depending on the stage of development of the barley 
plants. The spraying schedule was not rigid but depended on 
the growth rate of the plants and on the particular weather 
conditions. During rapid growth the plants were sprayed 
approximately every second day and as soon as possible after 
each rain. 
Since there would be a residual effect of sulfur on the 
leaves of the plants after the spraying was discontinued an 
attempt was made to offset this by stopping the spraying 
schedule about a week prior to the time the plants were 
expected to be at the proper stage of development. Advantage 
also was taken of showers which were rather frequent during the 
period of this experiment. The showers tended to remove the 
sulfur aOf when possible» this time was used as a point at 
which to discontinue the spraying of certain plots. 
Notes were taken at frequent intervals on the degree of 
mildew Infestation on all the plots# The method uaed in thla 
detez*mination was a visual estimate of the percentage of leaf 
stirface covered with the mycelium of powdery mildew. Until 
the plants reached their maximum vegetative development the 
top two leaves were ignored in making these estimates. This 
was necessitated by great variations in respect to mildew on 
those leaves within each plot due to differences in time of 
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emergenoo and henco In subjection to Infection by the disease* 
In addition the lower leaves were ignored when they had turned 
completely yellow since it was thereafter impossible to esti­
mate mildew infestation* 
The effect of powdery mildew Infection at five different 
stages of barley development was determined for nine charac­
ters. The methods used for evaluating these characters were 
as follows: 
Yield - expressed in bushels per acre. It was determined 
from the weight of grain produced on the center 
row of each plot; 
Tillering - expressed as the number of spike-bearing culma 
produced on a selected distance of one yard in the 
center row of each plot. These particular areas 
were chosen and marked by painted pot labels soon 
after emergence of the barley. Uniformity In 
stand was the criterion used in selecting the 
marked areas; 
Kernels per spike - determined by dividing the plot weight 
by the computed number of tillers per plot and 
dividing the quotient by the kernel weight; 
Kernel weight - expressed in grama per 1000 kernels. It 
was determined by counting out two 500 kernel 
samples and adding their weights. 
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Sterile aplkelets - expressed as sterile spikelets per 
spike. The number was determined from a sample 
of 20 spikes taken from the same portion of the 
center row as was used for tiller determinations! 
Heading - expressed as number of days from planting to 
flowering. HVhen the stamens on the main florets 
in the center of the spike appeared bright yellow 
the plot was considered to be flowering; 
Maturity - expressed in number of days from seeding to 
maturity and also in number of days from flowering 
to maturity. The plots were considered mature 
when both culms and spikes had lost all green 
color; 
Plant height - expressed in inches. Measurements were 
taken about one week after flowering; 
Protein content - expressed as percent protein of the 
ripe grain on a moisture-free basis. It was 
determined for each plot according to the 
methods outlined by the Association of Official 
Agricultural Chemists (2). 
The analyses of the data obtained by the above deter­
minations were carried out according to the methods of 
analysis of variance as outlined by Snedecor (53). 
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Method of Planting Studios 
Seed from F2 plants of four crosses se^iregatlrjg for 
resistance and susceptibility to powdery mildew was used In 
this investigation. The crosses were as follows: 
1. G.B.IO X U.M.41-1522 
2. [(Arlington Awnless X O.A.C,21) X 0*A«C»2y X 0.B.6 
3. G.B.IO X G.B.6 
4. G.B.IO X Barboff 
In each of the above cases the first mentioned strain la 
resistant to powdery mildew while the other is susceptible. 
Seed from 50 randomly choaen F2 plants from each of the 
above crosses plus five samples from each of the parent 
strains were sown in three different ways, namely, in solid 
planting in 4-foot rows, in 4-inch spacing in 8-foot rows, 
and in 8-inch spacing in 8-foot rows. 
The experiment was laid out in a split plot design with 
spacinga constituting the main plots while the 225 Fg and 
parent lines in a 15 X 15 simple lattice made up the sub 
plots. Only two replicates were used because of the small 
amount of F3 seed* 
The experiment was surrounded on all sides by susceptible 
0.A.C.21 barley which served as a source of inoculum. No 
artificial inoculations were made. 
Mildew Infestation was determined shortly after heading 
time in all plots. They were therefore taken over a 
-20-
oonslderable period of time. This was done in order to have 
mildew readings on plants which were at approximately the 
same stage of development. The determinations were made as 
outlined previously in this paper. 
The analyses of the data in the lattice designfl within 
each spacing were carried out according to the outline pre­
sented by Homeyer, Clem and Federer (28) while the analysis 
of the vdiiole experiment was carried out according to the 
method of split plot designs given by Snedecor (53). 
Inheritance Studies 
Five varieties were investigated in respect to the genes 
responsible for their resistance to race 9 of Eryalphe gramlnis 
hordel. These varieties were Duplex C.I.2433, Psaknon C.I. 
6305, Stephan C.A.N.1142, Duplex X Atlas Sel.175, and Kwan 
C.I.1016. The three susceptible varieties used in crosses 
with the above were 0.A.C.21 C.A.K.1086, Polish C.A.N.1086, 
and G.B.6. The varieties designated by C.I. numbers were 
obtained from Dr. F. N. Brig(^a, California Agricultural Exper­
iment Station, Davis, California. The variety Polish was 
obtained from Dr. W« J. Cherewick, Dominion Laboratory of 
Plant Pathology, TBinnipeg, Manitoba, while the remaining 
strains were from the Ontario Agricultural College, Gfuelph, 
Ontario. 
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Croaaea of these varieties were made during the summer 
of 1948 at Gruelph, Ontario and the Fi plants were grown in 
the greenhouse during the fall of the same year at Ames, Iowa, 
During the following spring 280 Fg seeds from each cross were 
planted in paper pots and placed in flats in the greenhouse. 
IJVhen the plants were two to three inches high, they were 
inoculated with conidia of E, /jyaminis hordei by shaking 
mildew infested plants over the flats. This process was 
repeated twice daily for three days to insure inoculation. 
The Inoculum for this investigation was produced by 
increasing a single pustule isolate that proved to be race 9 
according to its reaction on the six differentials as given 
by Newton and Cherewick (46), 
During the time when infection and development of powdery 
mildew occured on the P2 plants the temperature in the green­
house became extremely high due to abnormally high April tem­
peratures. The infection of the plants was therefore very 
weak and it was difficult to distinguish a resistant reaction 
from a susceptible one. 
These plants were transplanted to the Agronomy farm at 
Ames where most of them became established and produced seed 
which was later used to obtain an Fg check on the F2 classifi­
cation. Corrections were made in about 10 percent of the 
cases. For this reason only the readings on Fg plants which 
survived to permit an P3 check on mildew reaction are recorded 
in this paper* 
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During the fall of 1949 the Pg seed and the remnant Pg 
seed were sown in the greenhouse at Ouelph, Ontario and sub­
jected to an epiphytotlc of race 9 of powdery mildew which 
was produced in a sirallar manner to that described for the 
previous teat at Araes. During this test the temperature and 
moisture conditions favored mildew development and the readings 
obtained were considered to be quite reliable. 
Approximately 35 seeds from each Pg plant were sown in 
4-foot rows spaced 3 inches apart in a greenhouse bench* Out­
side rows and every tenth row thereafter were soinn to sus­
ceptible 0»A»C.21 barley as a check. Parents also were includ­
ed with each cross. The Pg seeds were sown in a similar 
manner except that only 20 seeds were planted in a row. 
In both cases the plants were inoculated when in the one-
leaf stage in the manner described above. Mildew development 
reached a maximum on the inoculated leaves approximately 10 
days after inoculation. There was, however, some difference 
noted in the time required to establish definite reaction 
types on different plants. Therefore, all readings were taken 
twice and in some cases three times at two-day intervals. 
Corrections were made when necessary. 
The reaction types were determined according to descrip­
tions given by Mains and Dietz (40). Types 0, 1, and 2 were 
classed as resistant while types 3 and 4 were considered 
susceptible. 
-23 
EXPERIMENTAL RESULTS 
Time of Infection Studies 
Powdery mildew developed normally on all Inoculated 
plots except on the resistant variety G.B.13 which showed a 
very alight flecking. All the varieties remained practically 
free from the disease as long as they were sprayed with sul­
fur. 
The time required for the establishment of symptoms, 
after spraying was stopped, varied from two weeks during the 
early part of the growing season to less than a week following 
a shower during warm weather of June and July. 
The susceptible varieties differed considerably In the 
amount of mildew development regardless of when infection 
took place. This is shown in Table 2. The varieties Galore 
and (1.B.7 in practically all cases had much less mildew than 
0.A.C.21 and Montcalm. The effects of mildew infection was 
measured on the several characters discussed below. 
Yield 
A summary of the yields in bushels per acre obtained 
from all the treatments is shown in Table 3. Variety and 
treatment means also are included* The varieties differed 
Table 2, Maximum amount of mildew development In percentage 
of leaf coverage on barley Initially Infected by 
mildew at Indicated stages of development* 
(Percent) 
Variety 
Maximum cunount of mildew when initially infected In: 
Check 
Seedling Late 
stage 
tillering 
stage 
Jointing 
stage 
Flowering 
stage 
Milk 
stage 
OaAsC *21 65.0 62.5 52.0 52.0 20*0 Trace 
Montcalm 67.5 55.0 52.0 40.0 22.5 Trace 
Galore 52.0 60.0 35.0 20.0 6.2 Trace 
G.B.7 30.0 23.7 21.2 25.0 7.5 Trace 
0.B.13 0*0 0.0 0.0 0.0 0.0 0.0 
Table 3. Yield in bushels per acre of barley 
initially infected by mildew at 
indicated stages of development. 
(Bushels) 
Yield when initially Infected in; 
Seedling Late tillering Jointing Flowering Milk Variety 
Variety stage stage stage stage stage Check mean 
0*A aC *21 18.54 22.82 27.62 31.09 33.86 33.97 27.98 
Montcalm 17.39 26.52 27.50 30.05 40.81 43.17 30.90 
Qalore 32.00 33.40 35.44 36.64 39.71 42.01 36.53 
©•B.7 29.76 29.45 39.28 36.38 40.64 41.56 36.16 
G.B.13 40.04 38.69 37.90 40.79 40.08 40.08 39.59 
Treatment 
mean 27.55 30.17 33.55 34.99 39.00 40ol6 
••26"" 
considerably in their mean yields and a comparison of the 
data in Table 2 and Table 3 demonstrates that the varieties 
0«A»C»21 and Montcalm which had the most mildew also had the 
lowest mean yields. 
The analysis of variance of the yield data is shown in 
Table 4. The mean squares for varieties, treatments, and 
interaction of varieties x treatments all were significant 
beyond tha 1 percent level according to the P test. In this 
and subsequent analyses of variance the error term was broken 
down into its component parts which were found to be homo­
geneous according to Bartlett's test (53). The pooled error 
terra was therefore used to teat the significance of the 
treatment variances. 
The mean square for treatments even with the resistant 
variety included was found to be significant at the 1 percent 
level. The data clearly show that if this variety were 
removed the treatment differences would be considerably 
larger. The reduction in yield was greatest in the case of 
the variety Montcalm when inoculated with mildew In the seed­
ling stage. In this case the reduction was 59.7 percent when 
compared with the check. A similar comparison in the case of 
Galore shows a loss of 24.4 percent. The average reduction 
in yield for susceptible varieties varied from 39.2 to 3.5 
percent depending on the time infection occurred. This la 
shown graphically in Figure 1* 
Table 4. Analysis of variance of yield of 
b«u?ley initially infected by mildew 
at various stages of development. 
So\irce of variation Degrees of freedom Mean square 
Replicates 3 35.85** 
Varieties 4 527.47** 
6.5.13 vs others 1 862.24** 
Among others 3 415.88** 
Treatments 5 480.18** 
Varieties x treatments 20 56.06** 
G.B.13 vs others x treatments 5 110.06** 
Others X treatments 15 38.06** 
Error 87 11.83 
•^Significant at 1 percent level. 
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TIME OF INFECTION 
Figure 1 ,  Percent  reduct ion in  yield of  four  
suscept ible  var ie t ies  of  bar ley 
ini t ia l ly  infected by ni ldew a t  
the fol lov; in£ s tages  ;  1 ,  seedl ing;  
la te  t i l ler ing;  joint ing:  
I .  check.  9 t f  f lowerin^^;  5 ,  milk 
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The Interaction of varieties x treatments would be 
expected to be significant since the treatments on 0.B.13 
had no effect. Ylfhen this variety was removed the Interaction 
still was significant at the 1 percent level. This indicates 
the varieties differed In their tolerance to mildew eplphy-
totlcs Induced at various stages of plant development. A 
similar differential tolerance of susceptible varieties to a 
disease was found by Newton «t al. (47) in the case of leaf 
rust of barley and by Caldwell et al« (14) in the case of leaf 
ruat of wheat. The physiological reason for such an effect 
is probably quite complex. 
Inspection of the data on G.B.13 indicates the appli­
cation of sulfur spray had no effect on the yielding ability 
or other measured characters of this variety. At no time 
during this experiment was there any visible difference in 
the appearance of sprayed and unsprayed plots of this mildew-
resistant variety that could be attributed to sulfur damage. 
Tiller development 
The mean number of tillers per yard in the various plots 
is shown in Table 5. The analysis of variance of these data 
la given in Table 6. Evidently the reduction in yield due 
to mildew infestation was not due to a reduction in number of 
tillers since very little difference attributable to treat­
ments was found in this character. This ml^t be expected 
Table 5. Number of tillers per yard of barley 
initially infected by ndldev at 
indicated stages of development. 
Number of tillers when initially infected in: 
Variety 
Seedling 
stage 
Late tillering 
stage 
Jointing 
stage 
Flowering 
stage 
Milk 
stage Check 
Varietur 
mean 
0.A.C.21 43.5 46.3 45.5 44.0 44.3 46.5 45.0 
Montcalm 43.0 46.5 46.8 46.5 46.8 46.8 46.0 
Galore 56.8 57.0 56.5 54.8 58.8 58.8 57.1 
G.B.7 42.8 41.5 47.3 46.8 47.3 47.0 45.5 
0.B.13 52.8 55.0 54.8 54.5 54.8 54.0 54.3 
Treatment 
mean 47.8 49.3 50.2 49.3 50.4 50.6 
Table 6. Analysis of vapiatice of tillers per yard 
of barley initially infected by mildew 
at various stages of development. 
Source of variation Degrees of freedom Mean square 
Replicates 3 16,28 
Varieties 4 773.91** 
Treatments 5 22.22 
Varieties x treatments 20 8.12 
Brrop 87 13.19 
**Signifioant at 1 percent level. 
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alnoe tillering occurs rather early in the development of the 
barley plant. The varieties differed significantly in 
tillering. 
Kiernels per spike 
In Table 7 is shown the mean number of kernels per spike 
while the analysis of variance of this character is shown in 
Table 6. These data point out that large differences in this 
character were found to be attributable both to variety and 
mildew infection* This Indicates that in this experiment the 
effect of powdery mildew in reducing yield acted largely 
through reducing the nx;Qnber of kernels per spike. 
The interaction of varieties x treatments was signifi­
cant beyond the 1 percent level. Specific mildew treatments 
evidently had a greater effect on kernel number per spike in 
some varieties than in others. Table 7 shows the varieties 
0.A.C.21 and Montcalm were more seriously affected in this 
respect than the other two susceptible varieties especially 
when Infection took place in the seedling stage. 
Table 7 also shows that no appreciable difference in 
number of kernels per spike occurred In resistant G.B.13 when 
sprayed with sulfur. 
Table 7« number of kernels per spike of barley 
initially infected by mildew at 
Indicated stages of development. 
Karnels per spike when initially infected in; 
Variety 
Seedling 
stage 
Late tillering 
stage 
Jointing 
stage 
Flowering 
stage 
Milk 
stage Check 
Variety 
mean 
0.A.C.21 16.8 19.3 22.5 25.6 27.6 26.2 23.0 
Montcalm 15.9 22.3 23.0 24.7 31.9 33.5 25.2 
Oalore 20.2 20.8 22.4 23.6 23.4 24.9 22.6 
0.B.7 20.4 21.5 24.3 23.7 24.8 27.0 23.6 
a.B.13 20.5 19.3 19.2 19.0 20.1 20.5 19.8 
Treatment 
mean 18.8 20.7 22.2 23.3 25.6 26.4 
Table 8. Analysis of variance of number of kernels 
per spike of barley Initially Infected by 
silldew at various stages of development* 
Source of variation Degrees of freedom Mean square 
Replicates 3 3*05 
Varieties 4 94*24** 
0*B*13 vs others 1 279.82** 
Among others 5 32.38** 
Treatments 5 169.71** 
Varieties x treatments 20 28.55** 
G.B.13 vs others x treatments 5 42.45** 
Others X treatments 15 23.65** 
Error 87 3.84 
**Slgnlficant at 1 percent level* 
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Ssrnel weight 
The mean lOOO-kernel welghta are shown in Table 9 while 
the analysis of variance of these data is given in Table 10. 
The mean squares for varieties, treatments, and interaction 
of varieties x treatments are statistically significant at 
the 1 percent level. An inspection of the data shows treat­
ment differences are quite small, although statistically 
significant. Moat of the effect of treatment can be attri-* 
buted to the reaction of the varieties O.A.C.21 and Montoalm 
which were appreciably reduced in kernel weight when infected 
by mildew in the early stages of plant development. 
perhaps one of the reasons for the small effect of mildew 
Infection on kernel weight in tMs test lies In the fact that 
the number of kernels per spike was reduced by mildew. This 
would compensate in part for a lower rate of photosynthesis, 
presumably, in the mildewed plants. 
Sterile spikelets 
The mean number of sterile spikelets per spike of barley 
is shown in Table 11. These data indicate there was very 
little difference in this character regardless of the variety 
or treatment used in the test. For this reason an analysis 
of variance was not made. 
Table 9« Weight In grams per 1000 kernels of barley 
gromi on plants Initially infected by 
mildew at indicated atages of development* 
Weight when Inltlall? Infected in: 
Variety 
Seedling 
stage 
Late tlllerihg 
stage 
Jointing 
stage 
Flowering 
stage 
Milk 
stage Check 
Variety 
mean 
0.A.C.21 25.4 25.7 27.2 27.5 27.8 27.8 26.9 
Montcalm 25.5 25.5 25.5 26.2 27.4 27.4 26.2 
Qalore 27.8 28.0 28.0 28.4 28.8 28.7 28.3 
a.B.7 34.1 33.4 34.1 33.0 34.5 32.8 33.6 
0.B.13 36.8 36.6 36.1 36.6 36.5 36.3 36.5 
Treatment 
mean 29.9 29.8 30.2 30.3 31.0 30.6 
Table 10» Analysis of variance of 1000-kernel welgjit 
of barley grown on plants Initially infected! 
by mildew at various stages of development. 
Source of variation Degrees of freedom Mean square 
Replicates 
Varieties 
Treatments 
Varieties x Treatments 
Error 
3 
4 
5 
20 
87 
0.20 
488,99«« 
3.58** 
1.76** 
0.36 
«*, Significant at 1 percent level. 
Table II, Kumber of sterile spikelets per spike 
of barley Initially Infected by mildew 
at Indicated stages of development* 
Sterile spike lets when initially Infected in ; 
Seedling Late tillering Jointing Flowering Milk Variety 
Variety stage stage stage stage stage Check mean 
0.A.C.21 4.7 4.8 4.6 4.8 4.8 4.7 4.7 
Montcalm 4.7 5.1 4.6 4»5 4.5 5.0 4.7 
Galore 4.7 4.3 5.2 5.0 4.6 4.8 4.8 
G.B.7 4.7 4.6 4.6 4.4 5.0 4.8 4.7 
0.B.13 4.6 4.9 5.1 4.9 4^9 4.9 4.9 
Treatment 
mean 4.7 4.7 4.8 4.7 4.7 4.8 
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Headlng and maturity 
The number of days from plan tin tj to heading; Is shown 
In Table 12 and the number of days from heading to maturity 
is given in Table 13. Evidently in this experiment mildew 
infection had no measurable effect on these characters. The 
variety means presented in Table 13 show that the development 
and maturation of the took place In a relatively short 
period of time, ranging from 23 to 27 days. 
Plant height 
The mature height of the plants are shown in Table 14» 
The varieties differ considerably but no effect of mildew 
infection was manifeated. 
Protein con tent 
The percentage of protein in the ripe grain on a moisture-
free basis is shown in Table 15. These data indicate that in 
this experiment powdery mildew infection had very little effect 
on protein percentage in the grain. However there la a slight 
suggestion of a higher protein content in 0.A.C.21 and 
Montcalm when Infected by mildew in early stages of develop­
ment* Previously it was noted that these particular variety-
treatment combinations resulted in lower kernel weight. 
Presumably there is a common cause for poorly-filled kernels 
Table 12. Number of days from seeding to heading 
of barley initially infected by mildew 
at indicated stages of development. 
Days to head when initially infected ini 
Variety 
Seedling 
stage 
Late tillering 
stage 
Jointing 
stage 
Flowering 
stage 
Milk 
stage Check 
Variety 
mean 
0.A.C.21 60.0 60.0 60.0 60.0 60.0 60.0 60.0 
Montcalm 60.8 61.B 62.3 61.5 62.0 62.5 61.8 
Galore 60.0 60.0 60.0 60.0 60.0 60.0 60.0 
G.B.7 61.5 61.8 62.3 63.0 62.5 62.5 62.3 
0.B.13 61.3 62.0 61.3 63.3 62.5 61.8 62.0 
Treatment 
mean 60.7 61.1 61.2 61.6 61.4 61.4 
Table 13. Number of days from heading to maturity 
of barley initially infected by mildew 
at indicated stages of development. 
Days from heading to mattirity when 
initially infected by mildew at; 
Seedling Late tillering Jointing Flowering Milk Variety 
Variety stage stage stage stage stage Check mean 
0* A .C *21 23.0 23.5 23.0 23.3 23.3 23.3 23.2 
Montcalm 24.3 23.8 23.3 23.8 23.0 23.5 23.6 
Galore 26.5 26.5 27.8 27.0 27.0 27.3 27.0 
G.B.7 25.6 24.8 25.6 25.0 24.0 25.0 25.0 
a.B.13 26.8 26.8 26.2 24.8 26.3 26.5 26.0 
Treatment 
mean 25.2 24.9 25.2 24.8 24.7 25.1 
Table 14. Mature helgjit of barley Initially 
Infected by mildew at indicated 
stages of development. 
Height when initially infected by mildew in; 
Variety 
Seedling 
stage 
Late tillering 
stage 
Jointing 
stage 
Flowering 
stage 
Milk 
stage Check 
Varietj 
mean 
0.A.C.21 36.5 35.8 36.8 37.3 35.5 36.3 36.3 
Montcalm 33.8 34.8 33.8 34.0 34.0 34.0 34.0 
Galore 32.3 30.8 31.3 33.3 31.3 30.5 31.5 
G.B.7 33.5 34.0 34.0 32.3 33.0 33*0 33.4 
G.B^IS 32.0 30.5 32.5 31.3 31.5 31.0 31.5 
Treatment 
mean 33.6 33.3 33.7 33.6 33.1 33.0 
Table 15* Percent protein on a moisture-free basis of 
barley grown on plants initially infected by 
mildew at indicated stages of development. 
Protein percent when Initially infected int 
Seedling Late tillering Jointing Flowering Milk 
Variety stage stage stage stage stage Check 
Variety-
mean 
0.A.C.21 11.14 11.13 11.06 10.89 11.10 11.04 11.06 
Montcalm 11.41 10.88 10.49 10.70 10.57 10.52 10.76 
Qalore 10.54 10.54 10.61 10.54 10.53 10.60 10.56 
G.B.7 11.43 11.69 11.38 11.34 11.53 11.43 11.46 
a.6.13 10.40 10.46 10.48 10.47 10.52 10.41 10.47 
Treatment 
mean 11.00 10.94 10.80 10.79 10.85 10.80 
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and higher protein percentage within varieties grown under 
fairly homogeneous conditions. In such cases any factor which 
interfered with the amount of starch stored in the kernel would 
result in a relatively higher protein content. 
In this experiment there were fewer kernels per splice in 
plants infected toy mildew at an early stage of growth. This 
may have "been the major reason for the small response in the 
characters protein, and kernel weight. 
Method of Planting Studies 
The mean percentage of powdery mildew infestation was 
determined at approximately heading time for the 225 strains 
in each of the three apacinga• Each spacing was analyzed 
separately as a simple lattice and the gain in precision deter­
mined in comparison with randomized block analysis. At all 
apaclngs the differences among strains was highly significant. 
The gain in precision due to the lattice design was 
relatively low. It amounted to 8.4 percent in solid apacing, 
9.9 percent in 4-lnch spacing, and 17.8 percent In the 8-inch 
spacing. Thus no corrections were made in observed percentage 
of mildew infestation when the data from the three spacings 
were included In a split plot design analysis. 
The mean percentages of mildew In the three spacings are 
given in Table 16, The analysis of variance of the iriiole 
experiment is shown in Table 17« 
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Table 16. Mean percentage of powdery 
mildew In nurseries with the 
indicated spacing of plants. 
Spacing Percentage of mildew 
8-inch 
4-inch 
Solid 
25.3 
27.2 
54,5 
Table 17« Analysis of variance of percentage of 
mildew on P* barley strains when grown 
In 8~lnchf 4-lncb and solid spacing. 
Source of variation Degrees of freedom Mean square 
Main plots 
Replicates 
Spacing 
Error (a) 
Subplots 
Strains 
Strains X spacing 
Error (b) 
1 
2 
2 
224 
448 
672 
2521.50 
10707.25 
1596.15 
2201.60** 
134.58** 
87.52 
**. Significant at 1 percent level* 
As Indicated in Table 17 the mean square for spacing was 
not significant even though there vere considerable differences 
In the mean mildew percentages in the three spacings used. 
In this split-plot design it was necessary to arrange the 
spacing as whole plots and consequantly the nuniber of degrees 
of freedom for spacings and the error variance both were small 
and hence required a high P value to establish iitatlstlcal 
significance. This arrangement could not be avoided in this 
experiment because of the rather small amount of seed produced 
on Pg barley plants which kept the number of spacings and 
replicates low. In addition, the necessity of keeping the 
spacing environment uniform required each spacing to be kept 
as a unit* 
The Interaction of strains x spacings was significant at 
the 1 percent level indicating that some of the varieties 
reacted differently In the three spacings, This constitutes 
evidence that in some oases mildew infection in a spaced 
nursery of barley might not be a reliable indication of mildew 
Infection when grown in solid plantings. 
In an attempt to determine which spacing gave the highest 
correlation with mildew infection in solid planting, the co­
efficients of correlation of the 4-lnch spacing and the 8-lnch 
spacing with the solid planting were determined from the mean 
mildew determinations of each strain in the respective spacings. 
The computed r values are shown in Table 18, 
48-
Botb of these r values are significant and quite high. 
By transferring these values to Z values according to the 
method outlined in Snedeoor (53) it was determined that 
both values could be samples from a single population of r 
Table IB, Coefficients of correlation 
of mildew percentages in 
the indicated plant apacinga. 
Spacings Coefficient of oorrelation 
4-inch vs solid + ,72 
8-inch vs solid + .68 
values. Therefore it could be assumed that 8-inch and 
4-inch spacings in nurseries give equally good indlcationa 
of mildew Infestation likely to occur in solid planting 
under the conditions of this experiment. 
Inheritance Studies 
The classification of the parents and Pg plants of the 
indicated crosses is given in Table 19, The five resis­
tant varieties were each crossed with at least one of 
the susceptible varieties. One of the resistant varieties» 
Stephan, has been used to a considerable extent at the 
Ontario Agricultural College in the breeding program for 
mildew resistance. Crosses of this variety were therefore 
Table 19. Classification of parents and F2 plants of the Indicated crosses 
Tiumber of Number of P for 
Location resistant susceptible indicated 
Parent or cross of test plants plants Ratio ratio 
Duplex Ouelph and Ames 250 0 
Pa aknon Guelph and Ames 250 0 
Stephan Quelph and Ames 250 0 
Sel.175 Guelph and Ames 250 0 
Evan Quelph and Ames 250 0 
0.A.C.21 Guelph and Ames 0 12000 
Polish Guelph and Ames 0 250 
G.B.6 Guelph and Ames 0 250 
Duplex X 0.A.C.21 Guelph 1055 122 15:1 <.01 
Duplex X 0.A*C.21 Ames 191 22 15:1 <.01 
Duplex X Polish Guelph 337 33 15:1 <.01 
Duplex X Polish Ames 178 24 15:1 <.01 
Psaknon X 0*A«C«21 Guelph 379 113 3:1 >.20 
Psaknon X 0«A«C.21 Ames 173 59 3:1 >.80 
Stephan X 0*A*C.21 Guelph 339 97 3:1 >.10 
Stephan X 0.A.C.21 Ames 162 62 3:1 >.30 
Stephan X Polish Guelph 929 298 3:1 >.50 
Stephan X Polish Ames 192 52 3:1 >.10 
Sel.175 X a.B.6 Guelph 351 101 3:1 >.10 
Sel.175 X G.B.6 Ames 185 64 3:1 >.50 
Kn&n X G.B.6 Guelph 373 117 3:1 >.50 
Kwan X G.B.6 Ames 134 36 3:1 >.20 
Stephan X Sel.175 Guelph 209 11 15:1 >.30 
Stephan X Sel.175 Ames 185 9 15:1 >.30 
Table 19* (Continued) 
Number of Number of P for 
Location resistant susceptible indicated 
Parent or cross of test plants plants Ratio ratio 
Stephan X Psaknon Guelph 281 23 15:1 >.30 
Stephan X Kwan Ames 183 17 15:1 >•10 
Stephan X Duplex Guelph 284 3 -
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made with the other four resistant varieties to determine 
whether any of the four had the same gene or genes for reslst-
anoe as was present in Stephan* 
The P2 data Indicated resistance to race 9 of Erysiphe 
gramlnis horde! was governed by a single dominant gene in 
each of the varieties, Psaicnon, Stephan, Selection 175, and 
Kwan. In crosses of these varieties with susceptible vari­
eties the chl square indicated a good fit to a theoretical 
3:1 ratio. 
When Stephan was crossed with Psaknon, Selection 175, 
and Kwan the Fg gave a good fit to an expected 15:1 ratio on 
the basis of two independent dominant genes. This Indicates 
the gene for resistance to mildew in Stephan is not present 
in any of the other three resistant varieties. 
The Stephan gene for resistance to race 9 resulted in an 
immune reaction type in that variety. In the Fg and P3 of 
Stephan X susceptible 0*A.C.21 or G.B.6 the resistant segre­
gates were of two types, immune and necrotic. Mildew mycelium 
developed slightly in the latter type but was rapidly followed 
by a necrosis of the leaf. These plant reactions are illus­
trated in Figure 2. 
Crosses of the variety Duplex with O.A.C.Sl and with 
Polish gave Pg ratios of approximately 10:1, In an attempt 
to fit these distributions to a 15:1 ratio the chl square had 
a probability value of less than .Ol, Thus it could not be 
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Figure 2. Reaction of Fg plants of Stephen 
X O.A.CcSl to race 9 of powdery-
mildew. Left - fiusceptible J 
centre - necrosis; right -
immune. 
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aaaiuned that two dominant Independent genea were present in 
the variety Duplex. The data are not Indicative of any other 
simple ratio and aug£,ested the poagiblllty of linkage between 
genes for mildew resistance* 
Since the distribution of susceptible plants In the Pg 
lines did not show any evidence of segregation based on 
recessive genea for resistance it was assumed two dominant 
genes were present in the variety Duplex. The linkage value 
was computed according to the method for duplicate genes given 
by Hutchinson (33). The cross-over value in the cross Duplex 
X 0.A.C.21 was computed to be 35.63 vriaile that of the cross 
Duplex X Polish was found to be 36.31. Pooling the data from 
both crosses gave a crossover percentage of 35.82^.14. 
In the cross Stephan X Duplex the Fg population size of 
284 resistant and 3 susceptible was not sufficiently large to 
attempt a fit to any ratio. The susceptible plants in Fg 
demonstrated that the varieties Duplex and Stephan did not 
have a common gene for resistance to the powdery mildew 
fungus. 
The classification of the F3 progenies as homozygous 
resistantf segregating, and homozygous susceptible lines is 
shown in Table 20. These data support the genotypes indicated 
by the Fg populations. In the case of Stephan X Duplex the 
seven segregating progenies give further evidence for the inde­
pendence of the genes for mildew resistance in these two 
varieties• 
Table 20. Classification of Fq progenies of the Indicated crosses. 
Hiamber of P5 progenies 
Cross 
Homozygous 
resistant Segregating 
Horaosygous 
susceptible Ratio P 
Duplex X 0.A.C.21 89 102 22 -» >.80 
Duplex X Polish 86 92 24 » >.30 
Psaknon X 0.A.C.21 67 106 59 1:2:1 ^•30 
Stephen X 0«A*C«21 42 120 62 1:2:1 ).05 
Stephan X Polish 68 124 52 1:2:1 >.30 
Sel.175 X G,B.6 50 135 64 1:2:1 >.10 
Kwan X G.B.6 51 83 36 1:2:1 >.20 
Stephan X Sel*175 101 84 9 7:8:1 >.20 
Stephan X Psaknon 98 112 17 7:8:1 >.50 
Stephan X Kwan 80 103 17 7:8:1 >.30 
Stephan X Duplex 19 7 0 
*• • 
*Ratioa for Duplex crosses were determined on the basis of two dominant 
genes linked in coupling phase with crossover percentage of 35.81. 
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In Table 21 are shown the P3 diatrlbutiona of the three 
orosaea involving two dominant independent genes. The claaaes 
are indicated by percentages of susceptible plants in each Fg 
row. These classes correspond to differences of one suscep­
tible plant in prOi^enles of 30 aeedlinas. Percentages were 
used because the number of plants in a progeny varied from 
2G to 35. 
The theoretical diatrlbutiona shown in Table 21 were 
derived by using tables published by Warwick (61) which give 
probabilities for each distribution possible in a row of 30 
plants when parents are heterozygous for one gene, and for 
two genes. It was assumed that seven-sixteenths of the Pg 
plants were homozygous for one or both resistant genes, one-
sixteenth homozygous for both recessive genes, four-sixteenths 
heterozygous for both genes, and four-sixteenths heterozygous 
for one resistant gene. By using these values and 7/arwick's 
tables it was possible to determine theoretical diatrlbutiona 
for each of the above crosaes, A chl square test on the 
obaerved and theoretical distributions indicated a good fit 
in each case. 
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Table 21. Observed and theoretical frequencies 
of P3 progenies with the Indicated 
percentage of susceptible plants. 
Percentage of susceptible plants per row 
o> ca <0 H (O • * • • • 
0 10 
•  •  H H H W O J O l  
10 00 H  I  I  t i l  1 I I to a» M >0 GO 
* * • rH ^ GO 
O  H  U 3 G O H H H ( M 0 1  
Stephan X Se1*175 
Observed 101 16 11 12 8 5 10 5 5 
Theoretical 91,9 14.1 13.9 9.7 6,7 6.4 7.1 8.1 7^7 
Stephan X Psaknon 
Observed 98 15 23 17 9 7 11 10 5 
Theoretical 107.5 16«5 16.3 11.1 7.9 7.5 8.7 9.5 9.0 
Stephan X Swan 
Observed 80 18 13 11 8 4 12 9 5 
Theoretical 94.7 14.5 14.4 10.0 6.9 6.6 7.7 8.4 8.0 

quancles 
loated 
ants • 
susceptible plants per row 
n 01 lO 00 H 
. . • . • 
iH 00 H H 0) 01 0) 1 1 t 1 1 O a> 01 U) 00 
. • • . . H 00 H H rH H 01 01 
5 10 5 5 
.7 6.4 7.1 8.1 7.7 
7 11 10 5 
.9 7.5 8.7 9.5 9.0 
H 
• • 
10 1 1 H 
. • 
00 H 01 10 
3 7 
6.3 4.4 
4 6 
7.4 5.2 
o n to 0» 
• • . . 00 rH (0 "•I" 1 1 1 1 
o 10 (0 
. . . • CO H 
to w 
8 
9 
5 2 0 0 17 
3.1 1.7 0.8 0.3 14.2 
P 
for 
15:1 
ratio 
>.20 
>.50 
12 9 5 9 6 5 17 >.30 
.9 6.6 7.7 8.4 8.0 6.5 4.5 2.8 1.5 0.7 0.3 12.5 
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DISCUSSION 
The effectiveness of ErysIphe ftramlnls hordel In reducing 
yields of barley was demonstrated In this investigation. 
Although only one year's results were obtained, the data should 
be fairly reliable for several reasons. Barley growth and 
development were approximately normal in length of time re­
quired from seeding to matxirity. The growing season was about 
average in respect to moisture and temperature and, excepting 
the plots Inoculated with mildew in early stages of develop­
ment, the yields of the plots were considered average for the 
region. In addition to the above factors the almost complete 
absence of other diseases such as leaf rust and stem rust 
avoided the difficulty associated with the separation of 
effects of different plant diseases. 
The reduction in yield was greatest when infestation by 
powdery mildew occurred early in plant development. The effect 
diminished progressively *riien Infestation occurred in later 
stages of maturity. It seems reasonable to assume the longer 
a disease is present on a given annual plant the greater would 
be its effect in reducing yields. 
A leaf invading parasite like E. graminis must reduce the 
amount of materials manufactured in the leaves per unit length 
of time. In addition, such Infected leaves were observed to 
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turn yellow and die prematurelj^ thus reducing the length of 
time eaoh leaf la effeotlve In contributing to the development 
of the grain. 
As Indicated earlier In this paper the development of the 
kernels took place In a period of time varying from 23 to 27 
days* These kernels must be produced from materials assimi­
lated by the plant during this time and possibly also from 
previously stored materials from other parts of the plant* 
From studies reported by Archbold and Mukerjee (1) it is 
evident there is no material interchange of carbohydrates 
between the roots and the aerial parts of the barley plant 
during the development of the spike. Prior to heading there 
apparently is an excess of sugars present in the stems. As 
the kernels develop thia quantity decreases thus indicating 
this sugar content may have been utilized in developing the 
grain* Computations by Archbold and Mukerjee (1) indicate 
this sugar content in the stems and leaves could account for 
a maximum of 20 percent of the final dry weight of the grain. 
It follows that at least 80 percent of the final weight of 
grain must result from direct assimilation. 
Watson and Norman (62) have reported that in pot cultures 
28 percent of the final dry weight of the spike could be 
accounted for by assimilation in the spike itself. Thus it 
appears the spike plays an important part in photosynthesis. 
In the present investigation the spikes were not mildew 
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Infeoted therefore any difference In assimilating power would 
be dependent on the relative size of the aplkes in the various 
treatments • 
The reduction in yield by a shoot invading pathogen such 
gfaralnis could be brought about by a reduction in three 
thingsf spike bearing tillers, kernels per spike, and kernel 
wel^^t. In this investigation the effect of the mildew fungus 
in reducing the number of kernels per spike was the most 
evident cause of reduced yield• The effect on number of 
tillers and kernel weight was very small although the latter 
was statistically significant. 
In order to establish how this fungus could have a large 
effect on the number of kernels per spike a knowledge of the 
course of spike initiation and development is necessary. 
Bonnett(5} reports that spike differentiation begins during 
the fourth leaf stage which in the present investigation 
would represent about the stage Indicated as late tillering. 
In the sixth leaf stage the anther prlmordla, awns« pistil, 
ovary, style and stigma appear In succession. In the early 
stages of development the tips of the spike were found by 
Bonnett(5) to remain aa undifferentiated merlstem. There­
fore as the spike approaches emergence the tip splkelets are 
being differentiated with the result these are arrested in 
various stages of development. 
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It should thus be reasonable to assume mildew infection 
at any time prior to heading could interfere with the develop­
ment of tip apikelets into flowers capable of being fertilised 
since nutrition must play a very important role in determining 
how long and how rapidly the differentiation and development 
process will continuei It also would be reasonable to assume 
that the greater the mildew infection and the longer time 
infection has occurred the greater would be the effect on the 
number of kernels per spike. Such aseumptiona are substan­
tiated by the data here presented in four susceptible vari­
eties of barley. 
The fact wide differences In kernel number per spike are 
noted when comparing any mildew treatment In different vari­
eties does not invalidate the above assumptions since spike 
length also is under the control of the genotype of the 
variety. Thus at any level of nutrition one variety might be 
expected to differentiate and develop a different number of 
functional florets per spike than another variety. 
In this study it was found the two varieties which 
suffered the greatest reduction in number of kernels per spike 
also were the ones with the greatest Infection by mildew. 
That this need not necessarily be so when comparing different 
varieties la suggested by the investigations of Caldwell et al 
(14) who report that the Pulhard variety of wheat was not 
appreciably lower in yield when heavily infected by leaf rust. 
61 
Why susceptible varieties differ In amount of disease 
expression has not been determined* All four susceptible 
varieties Included in this investigation gave a type four 
reaction both in the seedling and mature plant stages. The 
development of a disease Is undoubtedly an interaction between 
the disease organism and the host. Within the broad classifi­
cation of hosts as susceptible there probably exists a range 
of relevant factors which affect the rate of development of 
the disease* Such a situation also is indicated by recent 
field results on the amount of crown rust infection on Bond 
derivatives in oats. Most of these were classed as suscep* 
tible to the now common races 45 and 57. However some were 
found to show much less rust development than others (44). 
Since it has been established that a large proportion of 
the final weight of grain depends on asalmilation of materials 
after flowering, some explanation must be made to account for 
the small differences in kernel weight obtained in this experi­
ment. If mildew infected plants produce leas sugars the grain 
would be expected to be of lower weight* However It should be 
kept in mind that the spike itself makes a considerable con­
tribution to the production of sugars and that mildew was not 
a direct factor in this contribution. Another factor of 
importance is the smaller number of kernels per spike on mil­
dew infected plants. Under such conditions it is conceivable 
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that a lesa efficient plant could produce fewer kernels of 
approximately the same sise as those on a mildew free plant 
which has more kernels per spike. 
The same set of assumptions could also e:xplain the small 
differences in protein content found in this study. Fewer 
kernels of approximately the same size and having approxi­
mately the same starch content would not be expected to differ 
much In protein content when considering single varletiea and 
single locations* 
Other characters such as height, time of flowering and 
time required for the maturation of the grain were not affected 
by mildew. There probably are conditions under which mildew 
infection might have an effect but since differences were not 
found further discussion of these characters will not be siade. 
The spacing of plants in nurseries is necessary to permit 
individual plant selection for desired characters. Obviously, 
conditions in these spaced nurseries are not the same as occur 
in solid planting. This fact may affect the efficiency with 
which a breeder can select plants which will be desirable 
when grown in solid rows. With respect to powdery mildew on 
F3 plants the percentage infection at approximately heading 
time was greatest in solid planting and progressively less in 
4-inch and 8-inch spacing. However the differences due to 
spacing in this study were not statistically significant. 
The lack of significance may have been due to the particulav 
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dealgn \ia©(3. The limitations imposed by small quantities of 
seed from P2 plants and by the necessity of keeping each 
spacing as a unit made the design rather inefficient for 
testing differences in mildew infection due to spacing. Per­
haps bulked seed of plant progenies of a later generation 
would have been better material to study the effects of 
spacing on mildew infection. It was felt that material of 
diverse genetic types was desirable since most selection 
nurseries would be of that type. 
The main reason for thinking real differences may have 
existed in the different spaclngs la that out of the 189 
mildew Infected lines, 107 had the highest percentage in solid 
rows and the lowest In 8-lnch spacing, while in 144 lines the 
determinations in the solid rows were the highest of the 
three. 
Since the interaction of varieties x spaclngs was found 
to be significant it is possible that relative mildew readings 
In spaced nurseries might not give a reliable estimate of 
their relative performance in solid planting. The data on 
the individual strains show that a few behaved erratically in 
their mildew infection in the different spaclngs when compared 
to the mean behavior of all lines. Another factor which would 
contribute to the Interaction of varieties x spaclngs was the 
presence of resistant lines which gave zero readings in all 
spaclngs* However, since the means of the three spaclngs 
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were not greatly different the resistant lines would have 
smaller effects on the Interaction than those of the above 
so-called erratic lines. 
The high correlations found to exist when mildew deter­
minations in 4-inch and 8-lnoh spaclngs were compared with 
those in solid planting indicate that, in spite of the signif­
icant Interaction of varieties x spacings, the determinations 
in the spaced nurseries gave a good indication of the mildew 
infestation under solid planting conditions. 
Two factors of this particular test should be mentioned. 
The spaced plants were considerably delayed in heading and 
maturity date. Also, mildew development on the spaced plants 
was less in point of time even If not significantly so at a 
fixed stage of plant development# Had a particularly unfa­
vorable environment for mildew occurred prior to the heading 
of the spaced plants the results might have been considerably 
different from those obtained in this investigation. 
A study of the inheritance of resistance to race 9 of 
Eryaiphe graminls hordei in crosses between the four resis­
tant varieties, Psaknon, Stephan, Selection 175 and K!wan, 
with susceptible varieties showed each of these resistant 
varieties possessed a single dominant gene for resistance. 
Crosses of Duplex with susceptible 0.A.C.21 and Polish pro­
duced progenies which indicated two linked dominant genes In 
the variety Duplex. The crossover percentage was computed 
to be 3&.82« 
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Croasea of Stephan with the other four resistant lines 
produced aegregating progenies in all cases thus indicating 
the gene for resistance in Stephan was different from those 
present in the other foiir. 
Whether the genes for resistance in Duplex, Psaknon, 
Selection 175 and Kwan were different in all cases was not 
determined in the present investigation. Under conditions 
favoring heavy mildew infection it was obvious the reaction 
types of Psaknon, Selection 175 and Kwan were different though 
all were classified as resistantf Psaknon showed a scattered 
flecking on the leaves, Kwan produced small pustules with 
sterile mycelium which subsequently turned brown in color, 
while Selection 175 showed some flecking and yellowing. The 
reaction of Duplex was quite similar to that of Selection 175* 
These different reaction types may be the effects of dif­
ferent genes for resistance. It la also possible the reaction 
types might be different because of genes other than the genes 
for resistance. Actual crosses of these resistant lines are 
necessary to establish the identity of the genes for resistance* 
Pour of the resistant varieties were obtained from the 
California Agricultural Experiment Station where their geno­
type for resistance to race 3 of powdery mildew already had 
been established. A comparison of the mildew reactions of 
crosses of Psaknon and Kwan with susceptible lines shows 
single dominant genes are involved In the case of race 3 and 
race 9. Selection 175 was found to possess a recessive gene 
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for realatance to rac® 3 and a dominant gene for resistance to 
race 9. Duplex had two dominant and one recessive gene for 
resistance to race 3 and two dominant linked genes for resis­
tance to race 9. The other resistant variety, Stephan, has 
not been tested with race 5. 
Othei' cases of varieties showing different degrees of 
dominance in the presence of different physiologic races of 
E. gramlnis hordel have been reported by Pavret (24). There 
also are numerous cases in which a variety has a gene for 
resistance to one race of the mildew fungus while it may be 
completely susceptible to a different race (46). Thus a 
variety may have a dominant or recessive gene, or complete 
absence of resistant genes depending on the race of the 
mildew fungus present. 
As far as the writer is aware there are no published 
reports of any investigator showing the gene which is domi­
nant against a particular race of fungus la also the gene 
which is recessive against a different race. It might well 
be that entirely different genes are involved each being 
effective against one of the two races In question. 
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SUMMARY AND CONGLOSIONS 
One resistant and four susceptible varieties of barley 
were initially subjected to infection by Eryaiphe Kraminis 
hordel at seedling, late tillering. Jointing, flowering and 
milk stages of plant development. Sulfur spray was used to 
prevent powdery mildew until the appropriate time for 
inoculation. 
Reduction in yield was greatest when Infection by mildew 
occurred in early stages of plant development. The reduction 
was greatest in the two varieties most heavily infected by 
mildew. 
Mildew infection reduced yield mainly by decreasing the 
number of kernels per spike. Very little of the reduction in 
yield could be attributed to the effect on tillering or kernel 
weight. 
Infection by mildew had very little effect on plant 
height, time of flowering, date of maturity or percentage 
protein in the grain. 
Frequent applications of sulfur spray at rates up to 15 
pounds of sulfur per acre had no effect on the characters 
measured in the resistant variety. 
Mildew determinations at heading time on 225 F3 and parent 
lines sown solid, in 4-inch, and in 8-lnoh spacings were found 
not to differ significantly although infection was greatest in 
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solid planting and least In 8-lnch spacing In 107 out of the 
189 lines found to be susceptible. A high correlation was 
found to exist between the different spaclngs even though the 
interaction between strains and spaclngs was significant at 
the 1 percent level. 
Crosses of the resistant varieties Psaknon, Stephan, 
Selection 175 and Kwan with susceptible varieties indicated a 
single dominant gene was involved in each case when F2 and 
P3 progenies were inoculated with race 9 of Ervsiphe gramlnia 
horded. The variety Duplex was found to possess two dominant 
genes for resistance which were linked with a crossover per­
centage of 35.82. 
The gene for resistance to race 9 in Stephan was found to 
differ from those in Duplex, Psaknon* Selection 175, and Kwan. 
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